Objective: To present a new pediatric risk classification tool, CLARIPED, and describe its development steps. Methods: Development steps: (i) first round of discussion among experts, first prototype; (ii) pre-test of reliability, 36 hypothetical cases; (iii) second round of discussion to perform adjustments; (iv) team training; (v) pre-test with patients in real time; (vi) third round of discussion to perform new adjustments; (vii) final pre-test of validity (20% of medical treatments in five days). Results: CLARIPED features five urgency categories: Red (Emergency), Orange (very urgent), Yellow (urgent), Green (little urgent) and Blue (not urgent). The first classification step includes the measurement of four vital signs (VIPE score); the second step consists in the urgency discrimination assessment. Each step results in assigning a color, selecting the most urgent one for the final classification. Each color corresponds to a maximum waiting time for medical care and referral to the most appropriate physical area for the patient's clinical condition. The interobserver agreement was substantial (kappa=0.79) and the final pre-test, with 82 medical treatments, showed good correlation between the proportion of patients in each urgency category and the number of used resources (p<0.001). Conclusions: CLARIPED is an objective and easy-to-use tool for simple risk classification, of which pre-tests suggest good reliability and validity. Larger-scale studies on its validity and reliability in different health contexts are ongoing and can contribute to the implementation of a nationwide pediatric risk classification system. 
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Introduction
In the last two decades, a major challenge in health care has been to find solutions to the increased overcrowding in emergency service hospitals. One of the strategies adopted in many countries to deal with this problem was the implementation of triage systems used to classify each patient's degree of clinical urgency shortly after his/her arrival to the Emergency Department (ED), establishing a waiting list based on clinical risk, and not in order of arrival, to undergo medical evaluation and treatment.
The Australian Triage Scale (ATS), Canadian Triage & Acuity Scale (CTAS), Manchester Triage System (MTS), and Emergency Severity Index (ESI) are the tools for triage in emergency services most used worldwide, all with five levels of urgency. 1, 2 In Brazil, the risk classification system developed by the Ministry of Health in the Qualisus Program has only four emergency categories, does not address the pediatric group peculiarities, and has not achieved significant national adherence. 3, 4 On the other hand, those developed in Europe, North America, and Australia are complex, which hinders large-scale adoption in a heterogeneous health context as the Brazilian. Moreover, there are insufficient literature on the validity and reliability of the pediatric versions of these triage systems.
The aim of this study is to present a new risk classification tool, the CLARIPED, for pediatric emergencies and describe the steps of its development. The intent is to obtain a reliable and valid tool that is best suited to the Brazilian health context.
Method
The development of the CLARIPED tool was performed in seven steps: (i) meetings of experts to discuss the new instrument up to the proposal of a prototype (first half 2013); (ii) first pre-test, with the prototype application in 36 hypothetical cases, submitted to 9 professionals of the emergency service after 3h of training (August 2013) and evaluation of the agreement among them (kappa-statistic measure); (iii) new round of discussions on the results of the first pre-test, which yielded changes in the prototype; (iv) new training of triage professionals, with supervision and discussion of real cases by a specialist (September 2013); (v) second pre-test performed in real time with the participation of all triage team, using the second prototype after obtaining written informed consent from all guardians (October and November 2013); (vi) new round of discussions and the final version presentation with the incorporation of the proposed modifications; (vii) final pre-test to evaluate the association between emergency categories and a proxy outcome of urgency (number of resources used); for such, the final CLARIPED version was applied retrospectively in a systematic sample of 20% of cases attended in five days of December 2013; urgency levels were compared with the number of diagnostic and/or therapeutic resources used; triage and clinical data were obtained through medical charts review. The study was approved by the Institutional Review Board of the Instituto D'Or de Pesquisa e Ensino (IDOR), under the number 209 075/2013.
Results
A group of experts (three doctors and two nurses) with extensive experience in pediatric emergencies was assembled in order to choose and test a risk classification tool for the pediatric emergency department. After extensive literature review, it was concluded that the four triage systems designed in North America (CTAS and ESI), United Kingdom (MTS), and Australia (ATS) were not suitable for our country, as they are extensive, complex or lack specific-pediatric features. The South African Triage Scale (SATS), 5 although simpler and more adaptable to the Brazilian health context, only had four levels of urgency, insufficient stratification of pediatric age groups, in addition to having few studies of its use in children. It was decided, therefore, to design a new triage system specific for pediatric emergencies.
The CLARIPED system
CLARIPED comprises five urgency categories: Red (imminent life threat), Orange (very urgent), Yellow (urgent), Green (little urgent) and Blue (not urgent). Each category is assigned a maximum waiting time for medical evaluation and referral to an appropriate service area of adequate care to the patient's level of urgency, as follows: red, immediate care in the ressucitation room; orange, care within 10min in the observation room; yellow, up to 30min, waiting room; green, up to 90min, waiting room; and blue, up to 180min, waiting room. The risk classification should start in a maximum of 10min after patient's arrival and registration; it should be performed by a nurse and last 2---5min.
The first step starts with six questions about complaints, drug allergies, regular pediatric care, associated morbidities, using medications and last measured weight. Next is the evaluation of four vital signs: respiratory rate (RR), heart rate (HR), oxygen saturation (SpO 2 ), and skin temperature (Temp). Each vital sign measured is assigned a value from 0 to 4, which will compose the Pediatric Vital Signals (VIPE) score that ranges from 0 to 12, consisting of the sum of the first three parameters values subtracted from the temperature value in case of increased HR (RR+HR+SpO 2 -Temp, if increased HR). The VIPE score should then be associated with one of five colors: score 0=Blue; 1---2=Green; 3---5=Yellow; 6---9=Orange; ≥10=Red ( Table 1) .
The second step is to consult the tables of discriminators categorized by type or organ system involved (lines) and by urgency levels (columns). Assessment of five general discriminators (pain, general appearance, fever report, age, and return to the ED) is mandatory for all patients ( Table 2 ). The other discriminators are evaluated according to the patient's complaint (Table 3) . It is not necessary to consult all lines and columns of the second table, only the relevant lines associated with the reported complaints and the columns corresponding to levels of urgency higher than the assigned by the VIPE score. If there is a discriminator corresponding to a higher level of urgency than that assigned by the VIPE score, the higher level of urgency will determine the final classification. The urgency determined by the VIPE score may not be decreased, only increased from the evaluation of the discriminators.
In the presence of discriminators indicating risk of life threatening, such ass seizures, impaired level of consciousness, apnea, cyanosis, and others, the patient must be sent for rapid or immediate medical care before any administrative procedure. The risk classification process is then performed retrospectively.
Pre-test studies
The hypothetical clinical scenarios designed by experts for training had the following distribution of urgency levels: Red 11%, Orange 42%, Yellow 31%, Green 8%, and Blue 8%. The overall kappa for multiple observers resulting from the first pre-test with 36 hypothetical clinical scenarios was 0.79 and kappa for each urgency category was 0.93 (Red); 0.82 (Orange); 0.73 (Yellow); 0.65 (Green), and 0.93 (Blue), with a standard deviation of 0.03 and p<0.001, which represented substantial reliability.
The second pre-test, performed with patients in real time, determined changes for the treshholds and values attributed to the physiological parameters and for some discriminators (newborn, return in less than 24h, fever report, abdominal pain, and cranial trauma).
The final validity pre-test, included the retrospective analysis of 95 medical charts, selected by a systematic sampling of 20% of the cases attended in the first five days of December 2013. The aim was to evaluate the distribution of the levels of urgency and their association with an outcome, which could work as a proxy of urgency, such as the number of diagnostic and therapeutic resources used. The distribution of the levels of urgency was: Blue (4.2%); Green (34.7%); Yellow (41%); Orange (6.3%), and Red (0%). None of the attendances classified as Blue used a diagnostic and/or therapeutic resource in the emergency department; one third of the Green attendances, half of the Yellow ones used one resource and 20% used two or more resources; over 80% of the Orange ones used two or more resources (Table 4 ; p<0.001).
Discussion
The proposal to develop a simple, objective, and easy to use tool for risk classification in pediatric emergencies, appropriate to a Brazilian health context, resulted in the CLARIPED. Brazil's continental magnitude and heterogeneity make it difficult to adopt a risk classification system nationwide. The option to develop a new instrument, instead of using other triage systems already evaluated, is justified. The most commonly used systems in the world were developed in countries in North America, 6, 7 Europe, 8 and Australia. 9 The health context of these countries is quite different from that of Latin America, both in terms of the epidemiology of health events and human resource training and availability. SATS, a simplified triage system, developed in an African country with many socioeconomic and demographic similarities with Brazil, could be a more appropriate instrument. It was developed and implemented in Cape Town in 2006, as Cape Town Score, and later adopted throughout VIPE score (0---12) is the sum of the points assigned to each vital sign. However, if heart rate is increased (score 2, 3 or 4);−1 should be subtracted from the final score if the axillary temperature is between 37.5 and 38.5 • C and−2 if the axillary temperature (AxT) is>38.5 • C. Urgency classification: Blue (0), Green (1---2), Yellow (3---5), Orange (6---9), and Red (≥10). Fever report ≥38.5
• C in<3 months Fever report ≥37.5
• C in<3 months old Fever report ≥38.5
• C in<3 years old Fever report ≥39.5
• C at any age Age Newborn (≤28 days) Return 1 return in<24h 2 returns in<72h
a The level of pain should be evaluated by appropriate scales for the patient's age, such as FLACC Scale or Faces Scale (<5 years) and Visual Analogic Scale (>5 years).
b Fever report (axillary temperature---AxT) measured with thermometer in the current disease (any peak in the last 24h). the country as South African Triage Scale (SATS). 10---12 CLAR-IPED kept the two-steps logistics of the SATS triage process, consisting of mesurement of physiological parameters, followed by assessment of discriminators. However, several modifications were performed in both steps and are detailed below.
Although SATS has five colors, strictly speaking it has only four levels of urgency, as the Blue level does not refer to nonurgent patients, but to patients who are dead on arrival. In the Brazilian health context, there is a large influx of outpatients to the emergency services. 3, 4 Thus, the existence of a level for non-urgent patients is justified, similar to other systems such as the MTS, 8 ESI-4, 6 PaedCTAS, 7 and ATS. 9 The triage tools with five emergency categories showed higher reliability and validity than tools with fewer categories. 13 In CLARIPED, we opted for the stratification into five age groups, instead of the three groups used by SATS. This option is in agreement with the vital signs tables recommended by pediatric textbooks 14, 15 and other triage instruments that use four or more age groups. 6, 7 However, there is a lack of studies that validate the stratification of age groups for vital signs in Pediatrics. The Bedside Pediatric Early Warning System Score---Bedside PEWS Score), a tool designed to detect early clinical deterioration of hospitalized children, was derived from statistical methods and recently validated. 16 The stratification into five age groups of CLARIPED was based on Bedside PEWS Score.
Although there is not yet an international consensus on the parameters to be included in a triage tool, there is evidence that vital signs should be an integral part of a safety risk classification process, particularly in children. 5, 17, 18 However, vital sign measurements can be extremely difficult in emergency scenarios, particularly in small or uncooperative children. Selecting the most objective parameters that represent an effective contribution to the discrimination of emergency is crucial to achieve the goals of time and process improvement. In SATS, the first step includes evaluation of seven parameters: RR, HR, systolic blood pressure (SBP), Temp, level of consciousness, mobility, and presence of trauma. The pediatric revised version of SATS excluded the SBP assessment. The PaedCTAS 7 recommends the measurement of HR, RR, and SpO 2 as first order modifiers, while the ESI-4 6 recommends the measurement of the same three vital signs only in certain circumstances. The ATS 19 leaves at the discretion of the triage professional the need to measure vital signs. In CLARIPED, the four selected vital signs and the score assigned to each of them are based on studies addressing the development of two instruments that used statistical methods to assess the ability of some physiological parameters to predict clinical outcomes: the Bedside Pews 16 and Pediatric Emergency Assessment Tool (PEAT), 20 a multivariate model to predict three levels of care required for pediatric patients in the emergency department.
The inclusion of SpO 2 in VIPE score was based not only on use of this parameter in other validated instruments, such as the ESI-4, 6 PaedCTAS, 7 and Bedside Pews Score, 16 but also on evidence that patients with low SpO 2 usually have no increased respiratory rate and that its measurement may generate significant changes in the management of a number of patients attended at pediatric emergency services. 21, 22 The exclusion of blood pressure measurement from the VIPE score was based on evidence that the benefit of its mandatory assessment in pediatric patients in the emergency department is limited. 23 On one hand, hypotension is a late sign of shock in children and, on the other hand, the triage of children with hypertension in the emergency department may result in high prevalence of false positives. 24 Other triage tools, such as MTS, 8 Paed CTAS, 7 ESI-4, 6 and ATS, 19 do not include mandatory measurement of blood pressure, but only the initial assessment of clinical signs of shock, such as thin pulses, delayed capillary refill, sweating, and pallor.
HR corrected by the degree of fever is a unique aspect of CLARIPED and was based on the fact that tachycardia is one of the systemic inflammatory response syndrome (SIRS) and sepsis parameters. 25 A recent study proposes a similar correction in the evaluation of children with acute infection. 26 No other triage system considers this correction. The assessment of the degree of fever is further considered in the discriminators step, according to age and follows the guidelines of the American College of Emergency Physicians. 27 However, unlike other triage systems, CLARIPED takes into account not only the current fever, but the report of fever in the last 24h.
In CLARIPED, the evaluation of patient's level of consciousness and presence of trauma were moved to the step of discriminators assessment. Instead of considering the involvement of the patient's level of consciousness into four categories (awake, response to pain, response to voice, and non-responsive), as recommended in SATS, 11 CLARIPED considers that the presence of any impairment of consciousness places the patient at the Orange level (very urgent). This strategy is already used in MTS, 8 ESI-4, 6 PaedCTAS, 7 and ATS. 19 In CLARIPED, trauma is assessed not only for its presence or absence, as recommended in SATS, but according to the aspects of mechanism, extension, location and presence of symptoms. The mechanism and trauma severity assessment is also used in other instruments. PaedCTAS 7 and ATS 19 assess the presence of a high energy mechanism, regardless of clinical symptoms, to classify patients into higher urgency categories. In MTS, 8 there is a specific flowchart for major trauma in which patients are classified in emergency levels one, two, or at least three, depending on clinical manifestations.
Finally, the table of discriminators used in the second step of CLARIPED is very different from that used in SATS, in terms of content and organization. As in PaedCTAS, 7 discriminators are grouped by organ systems. The Canadian tool, however, is much more extensive and complex, covering 167 complaints grouped into 17 organ systems.
A recent study of the SATS 5 demonstrated that in pediatric triage the combination of the two steps, the evaluation of physiological parameters followed by the assessment of clinical discriminators, increased sensitivity (91%), compared with the use of each step alone (57.1% and 75.6%, respectively). In CLARIPED, it is considered that the VIPE score calculation has a lower weight in the tool's sensitivity, although this hypothesis has not been tested yet.
The final pre-test with a sample of 82 attendances found a distribution of emergencies similar to other studies. 28---30 The association between the five levels of urgency and resource utilization suggests that the tool has good validity.
Some limitations may be identified in the development of the CLARIPED system. The first refers to the methodology for consensus on the proposed modifications and the choice and organization of discriminators. A Delphi method assuring the participating experts anonymity, interaction with controlled feedback, and statistical analysis of responses to successive rounds of interaction would be the preferred method to minimize bias and noise and ensure the prevalence of the majority opinion. On the other hand, the tool development process in several steps ensured the process systematization and a broad participation of the ED professionals in the development and improvement of the instrument up to its last version. The second limitation relates to the use of CLARIPED in other health care settings. It can be argued that the specific context in which the CLARIPED was conceived limits its application elsewhere. More specific discriminators related to ophthalmological or psychiatric emergencies, for example, are absent in CLAR-IPED. However, the search for the simplicity, objectivity, and training facility of the instrument can make its adaptation and dissemination viable in other less developed Brazilian regions by including more comprehensive and/or specific discriminators suitable to different settings. The concern in refining the discrimination between intermediate levels of urgency (Yellow [urgent] vs. Green [little urgent]) also makes the tool theoretically applicable to intermediate and low urgency care services. However the instrument is not suitable for pre-hospital triage during critical mass events. Specific instruments focusing on triage of critically ill patients in non-hospital settings are needed for this purpose.
It can be concluded that the development of CLARIPED for risk classification in pediatric emergencies resulted in a simple, objective, and easy to use tool, whose pre-tests suggest a good reliability and validity. Larger-scale studies of its validity, reliability, and application in different health contexts are underway and may contribute to the use of a pediatric risk classification system nationwide. 
